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(57) Abstract: The present invention relates to an abla- 
tive thermolysis reactor (12) comprising a reaction vessel 
(20), and inlet (14) into the reaction vessel (20) for receiv- 
ing feedstock, and an outlet from the reaction vessel (20) for 
discharging thermolysis product. Within the reaction vessel 
(20), is provided an ablative surface (20a) defining the pe- 
riphery of a cylinder, and heating means (22) are arranged 
to heat the ablative surface (20a) to an elevated temperature. 
In addition at least one rotatable surface (28) is provided, 
the or each rotatable surface (28) having an axis of rota- 
tion coincident with the longitudinal axis of said cylinder. 
The rotatable surface (28) is provided relative to the abla- 
tive surface (20a) such that feedstock is pressed between a 
part of the rotatable surface (28) and said ablative surface 
(20a) and moved along the ablative surface (20a) by the ro- 
tatable surface (28), whereby to thermolyse said feedstock. 
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ABLATIVE THERMOLYSIS REACTOR 

This invention relates to a thermolysis reactor, particularly but not 
exclusively, to a thermolysis reactor for the pyrolysis of a solid feedstock 
into a liquid useful, for example, as a fuel, or as a source of chemicals, or 
for the production of chemicals and/or derived products. 

A liquid can be produced from high temperature processing of a solid 
feedstock (such as wood or other organic based material such as 
agricultural waste) in a process known as fast or flash pyrolysis or 
thermolysis. Most pyrolysis processes utilise heat transfer from a hot gas 
and/or hot solid, such as sand, to the feedstock and rely on the particles of 
feedstock being small to achieve rapid heating. This process is typically 
performed in entrained flow, transported, fluid or circulating beds. A 
further process by which feedstock can be pyrolysed is ablative pyrolysis. 
Ablative pyrolysis is the process of applying high applied mechanical 
pressure or centrifugal force to particles of feedstock which are moved on 

4 

a hot surface. This process has the advantages that heat transfer is more 
effective, the use of inert or transport gas can be minimised, and much 
larger particles of feedstock can be used than is typically used in fluid or 
circulatory beds. 

A number of different types of apparatus for performing ablative pyrolysis 
are known, such as that disclosed in the document " Ablative Plate 
Pyrolysis of Biomass for Liquids" (Peacocke GVC, Bridgwater A V, (1994) 
Biomass and Bioenergy. 7 (1-6) p147-154). Referring to Figure 1, this 
document discloses an ablative pyrolysis reactor 2 having a number of 
adjustable, rotating asymmetric blades 4 connected to a central drive shaft 
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6. The blades 4 rotate at a predetermined distance from an ablative 
surface 8. The ablative surface 8 is a flat, circular plate which, in use, is 
heated to approximately 600 X. In use, feedstock (e.g. wood chip) is 
continuously fed into the reactor 2 from a sealed hopper (H). The wood 
chip falls onto the ablative surface 8 above which the blades 4 rotate 
(direction of rotation indicated by arrow A): The wood chip particles are 
trapped by the blades 4 which are angled as shown in Figure 2, and 
moved against the heated ablative surface 8 where they are pyrolysed. 
Hot gases are produced (arrow B) which are then cooled, collected and 
condensed to give a liquid. 

The above described apparatus is difficult to operate effectively, 
particularly on a large scale, such as would be required in a viable 
commercial process. Control of longer blades is difficult due to distortion 
or "flapping" which reduces the effectiveness of the process. In addition 
contact between the blades and the ablative surface can occur resulting in 
the blades or the surface being damaged. 

It is an object of the present invention to obviate or mitigate the above 
disadvantages by providing an improved ablative thermolysis reactor. 

According to the present invention there is provided an ablative 
thermolysis reactor comprising: 

(i) a reaction vessel, 

(ii) an inlet into the reaction vessel for receiving feedstock, 

(iii) an outlet from the reaction vessel for discharging thermolysis 
product, 
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(iv) within the reaction vessel, an ablative surface defining the 
periphery of a cylinder, 

(v) heating means arranged to heat said ablative surface to an elevated 
temperature, and 

(vi) at least one rotatable surface, the or each rotatable surface having 
an axis of rotation coincident with the longitudinal axis of said 
cylinder, 

wherein the rotatable surface is positioned relative to the ablative surface 
such that feedstock is pressed between a part of the rotatable surface and 
said ablative surface and moved along the ablative surface by the rotatable 
surface, whereby to thermolyse said feedstock. 

The ablative surface may be concave or convex. Preferably, the reaction 
vessel is bounded by an inner or an outer peripheral wall with the ablative 
surface being defined by an inwardly facing surface of said outer wall (i.e. 
concave ablative surface), or an outwardly facing surface of said inner wall 
(i.e. convex ablative surface). 

Preferably, said ablative surface has a circular or elliptical cross-section 
perpendicular to the axis of rotation of the or each rotatable surface, 
although it will be understood that other shaped sections are possible. 

Preferably, said at least one rotatable surface is in the form of a rotatable 
blade. 

Preferably, said heating means is adapted to heat said ablative surface 
from about 400 * C to about 700* C. Said heating means may be arranged 
to heat the ablative surface in any convenient manner, for example by 
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electrical heating, by the combustion of a solid, liquid or gaseous fuel (e.g. 
by-product char or gas from the process) or condensation of a vapour, or 
by circulation of a hot fluid (e.g. molten sodium). 

In a preferred series of embodiments the ablative surface is defined by the 
inwardly facing surface of the outer wall and the or each rotatable surface 
(e.g. blade) is mounted inwardly of the ablative surface (e.g. on a spindle) 
and arranged to press feedstock away from the axis of rotation. 

In an alternative series of embodiments, the ablative surface is defined by 
the outwardly facing surface of the inner wall of the reaction vessel and 
the or each rotatable surface (e.g. blade) is mounted outwardly of the 
ablative surface and arranged to press feedstock toward the axis of 
rotation. 

Preferably, means are provided to adjust the angle of the rotatable surface 
(or the front surface of each blade) relative to the ablative surface. More 
preferably angle adjustment means are provided to adjust each rotatable 
surface/blade independently. 

Preferably, means are provided to adjust the spacing between each 
* rotatable surface/blade and the ablative surface. More preferably spacing 
adjustment means are provided to adjust each rotatable surface/blade 
independently. 

Preferably, the or each rotatable surface/blade is resiliently biased toward 
the ablative surface. Preferably, a plurality of rotatable surfaces/blades are 
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provided, the rotatable surfaces/blades preferably being equi-angularly 
displaced about the axis of rotation. 

Preferably, said ablative thermolysis reactor has a continuous feed 
mechanism for supplying feedstock into said reaction vessel. 

An embodiment of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings in which: 
Fig. 1 is a. graphical representation of an ablative thermolysis reactor 
according to the prior art, 

Fig. 2 is a graphical representation of the action of a blade against the 

ablative surface of the ablative thermolysis reactor of Fig. 1, 

Fig. 3 is a schematic representation of an ablative thermolysis apparatus 

including an ablative thermolysis reactor according to the present 

invention, 

Fig. 4 is a cross sectional representation of the ablative thermolysis reactor 
shown in Fig. 3, perpendicular to the axis of rotation of the blades, and 

4 

Fig. 5 is a graphical representation of part of another ablative thermolysis 
reactor according to the present invention. 

Referring now to Fig. 3, an ablative thermolysis apparatus according to the 
present invention comprises a sealable feedstock feeder 10 connected to 
an ablative thermolysis reactor 12 via an inlet pipe 14. A nitrogen supply 
1 6 is also connected to the ablative thermolysis reactor 1 2 and to the 
feedstock feeder 10, the supply rate of this nitrogen supply 16 to the 
reactor 1 2 being adjustable by a flow control valve 1 8. The ablative 
thermolysis reactor 12 comprises a sealable circular cylindrical reaction 
vessel 20, the internal wall of which defines an ablative surface 20a. An 
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annular band heater 22 is mounted around and in contact with the 
reaction vessel 20 and arranged to heat the ablative surface 20a in use. 
The ablative thermolysis reactor 12 also has a central horizontally 
mounted drive shaft 24 which is driven by a variable speed motor 26. 
Blades 28 (described with reference to Fig. 4) are connected to the drive 
shaft 24. The ablative thermolysis apparatus further comprises a product 
collection system 30 downstream of the reactor 12. The product 
collection system 30 has a cyclone char collector 32 and a condenser 34 
connected in series to the ablative thermolysis reactor 12. An electrostatic 
precipitation chamber 36 including a precipitation electrode 36a is 
provided downstream of the condenser 34 with a liquid re-circulation 
pump 35 provided to return cooled pyrolysis liquids to the top of the 
precipitation chamber 36 to prevent accumulation of liquids on the 
precipitation electrode 36a. The electrostatic precipitation chamber 36 is 
vented to the atmosphere via a gas flow meter. 

The ablative thermolysis reactor 12 will now be described in more detail 
with reference to Fig. 4. The hollow cylindrical reaction vessel 20 has an 
internal diameter of 256mm and a length of 130mm. The internal concave 
wall of the reaction vessel forms the ablative surface 20a. An inner drum 
37 having a diameter of 190mm is mounted upon the drive shaft 24 
which is in turn mounted on bearings (not shown) and connected to the 
variable speed drive motor 26. The axis of rotation of the drive shaftis 
coincident with the longitudinal axes of both the hollow cylinder forming 
the reaction vessel 20 and the inner drum 37. The inner drum 37 serves 
to reduce. the vapour space inside the reactor thereby reducing the 
residence time of the products in the reactor 12. The drum 37 also 
provides a suitable surface on which to attach the blades 28. These are 
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bolted to the inner drum 37 at 45 * intervals such that there are eight 
equally spaced blades 28 positioned around the inner drum 37. 

Each blade 28, which in this embodiment extends substantially the whole 
length of the reaction vessel 20, is mounted at a first end thereof onto the 
inner drum 37 via a support 28a. Each blade 28 has a free second end 
which is spaced from the internal wall of the reaction vessel 20 forming 
the ablative surface 20a by about 1 mm or less. Between its first and 
second ends each blade 28 has a curved front surface 28b. In this 
embodiment the blades 28 are permanently fixed at a predetermined 
angle to give a fixed clearance from the ablative surface 20a. In a 
modification of this embodiment (not shown), the blades are provided 
with calibration screws which allow for adjustment of the blade angle 
and/or clearance. 

» 

The cylindrical reaction vessel 20 has flanged regions (not shown) 
provided at both ends, and is sealable by means of front and back plates 
38, 40 (Fig. 3) which can be attached by means of bolts to the flanged 
regions in conjunction with a shaft seal (not shown). In this embodiment, 
the shaft seal is a pressure seal maintained through the use of an. air 
cooled seal housing containing an aluminium/bronze bush and a high 
temperature polymer seal.. The plates 38, 40 also allow attachment of the 
reaction vessel 20 between the inlet pipe 14 from the feedstock feeder 10 
and the product collection system 30. The drive shaft 24, the nitrogen gas 
supply 16 and the feedstock inlet 14 enter the reaction vessel 20 through 
the front plate 38, and the product gases and char exit to the product 
collection system 30 through the rear plate 40. 
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In use, the front surfaces 28b of the blades 28 are set to a predetermined 
position relative to the ablative surface 20a, and the reaction vessel 20 is 
sealed by attaching the front and rear plates 38, 40. The feedstock inlet 
pipe 14 and the nitrogen source 1 6 are connected to the front plate 38, 
and the material to be pyrolysed is placed in the feedstock feeder 10 
which is also sealed. The product collection system 30 is connected to 
the rear plate 40, and the nitrogen flow control valve 1 8 is set to the 
required rate. The whole ablative thermolysis apparatus is then purged 
with nitrogen to provide a non-reactive atmosphere to prevent unwanted 
oxidation of the wood chip feedstock. The band heater 22 is set to the 
desired temperature (e.g. «600 °C) and the ablative surface 20a, the 
reaction vessel 20 and the blades 28 are allowed to equilibrate to that 
temperature. The variable speed motor 26 is set to the required speed and 
the drive shaft 24, the inner drum 37 and the blades 28 rotated (the blades 
28 thereby constituting rotatable moving surfaces). Wood chip is then 
continuously fed into the reaction vessel 20 from the feedstock feeder 10 
using a feed screw with gravity feed into the reactor 1 2. The woodchip^ is 
pressed against and moved along the ablative surface 20a, where it is 
rapidly pyrolysed between the front surfaces 28b of blades 28 and the 
ablative surface 20a in a similar manner to that illustrated in Fig. 2. 

A slight positive pressure is generated by the formation of vapour and gas 
products and this forces the same products out of the reaction vessel 20 ; 
into the collection system 30. In the product collection system* 30 the 
char is separated from the gases and vapours by the vortex generated in 
the cyclone char collector 32 and the gaseous pyrolytic product is 
condensed in the condenser 34 to give a liquid which is collected for use 
as a fuel or as a source of chemicals. Any uncondensed gases and 
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vapours pass into the electrostatic precipitation chamber 36 where they 
meet the cooled liquid recirculating through the liquid recirculation pump 
35 and any remaining product is collected. The remaining non- 
condensable gases (CO, CO2, CHU, hhand higher hydrocarbons) are 
vented via the gas flow meter. 

A further embodiment of a thermolytic reactor according to the present 
invention particularly suited to large scale applications is shown in Fig. 5. 
In this embodiment a plurality of blades 28 are axially spaced along the 
length of the inner drum 37. In addition, a plurality of feedstock pipes 14 
are provided at spaced intervals along the length of vessel 20. A 
corresponding number of themolysis gas/vapour outlets 42 are provided 
on the opposite side of the vessel 20 (i.e. angularly spaced by 180" from 
the inlet pipes 14). The inlet pipes 14 and the gas/vapour outlets 42 are 
positioned to deposit or withdraw material, into or out of the reaction 
vessel 20 respectively, in the spacings between adjacent pairs of axially 
spaced blades 28. In this embodiment the reaction vessel 20 is positioned 
vertically such that the respective feedstock inlet pipes 14 enter the vessel 
20 above the position of one of the axially spaced blades 28 . In a 
modification of this embodiment the blades 28 are axially staggered along 
the length of the reaction vessel 20 and are overlapping to ensure that the 
whole ablative surface 20a is swept by the blades 28. 

Further embodiments of the thermolytic reactor according to the present 
invention can be envisaged in which the outer surface of the inner drum 
forms the ablative surface, and the blades are connected to a rotatable 
peripheral reaction vessel wall. 
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CLAIMS 

1 . An ablative thermolysis reactor comprising: 

(i) a reaction vessel, 

(ii) an inlet into the reaction vessel for receiving feedstock, 

(iii) an outlet from the reaction vessel for discharging thermolysis 
product, 

(iv) within the reaction vessel, an ablative surface defining the 
periphery of a cylinder, 

(v) heating means arranged to heat said ablative surface to an 
elevated temperature, and 

(vi) at least one rotatable surface, the or each rotatable surface 
having an axis of rotation coincident with the longitudinal 
axis of said cylinder, 

wherein the rotatable surface is positioned relative to the ablative surface 
such that feedstock is pressed between a part of the rotatable surface and 
said ablative surface and moved along the ablative surface by the rotatable 
surface, whereby to thermolyse said feedstock. 

2. A reactor as claimed in claim 1 , wherein the reaction vessel is 
bounded by an inner wall with the ablative surface being defined by an 
outwardly facing surface of said inner wall (i.e. convex ablative surface). 

3. A reactor as claimed in claim 2, wherein the or each rotatable 
surface is mounted outwardly of the ablative surface and arranged to press 
feedstock toward the axis of rotation. 



WO 03/057800 



PCT/GB03/00070 



-11- 

4. A reactor as claimed in claim 1, wherein the reaction vessel is 
bounded by an outer peripheral wall with the ablative surface being 
^defined by an inwardly facing surface of said outer wall. 

5. A reactor as claimed in claim 4, wherein the or each rotatable 
surface is mounted inwardly of the ablative surface and arranged to press 
feedstock away from the axis of rotation. 

6. A reactor as claimed in any preceding claim, wherein said ablative 
surface has a circular or elliptical cross-section perpendicular to the axis of 
rotation of the or each rotatable surface. 

7. A reactor as claimed in any preceding claim, wherein said at least 
one rotatable surface is in the form of a rotatable blade. 

8. A reactor as claimed in any preceding claim, wherein said heating 
means is adapted to heat said ablative surface to a temperature in the 
range of from about 400°C to about 700 °C. 

9. A reactor as claimed in claim 7, wherein said heating means is 
arranged to heat the ablative surface by electrical heating, by the 
combustion of a solid, liquid or gaseous fuel, by condensation of a 
vapour, or by circulation of a hot fluid. 

10. A reactor as claimed in any preceding claim, wherein means are 
provided to adjust the angle of the rotatable surface, or front surface of 
each blade when present, relative to the ablative surface. 



WO 03/057800 



PCT/GB03/00070 



12- 

11. A reactor as claimed in claim 1 0, wherein angle adjustment means 
are provided to adjust independently each rotatable surface or blade when 
present. 

12. A reactor as claimed in any preceding claim, wherein means are 
provided to adjust the spacing between each rotatable surface and the 
ablative surface. 

13. A reactor as claimed in any preceding claim, wherein the or each 
rotatable surface is resiliently biased toward the ablative surface. 

14. A . reactor as claimed in any preceding claim, wherein a plurality of 
rotatable surfaces are provided, the rotatable surfaces preferably being 
equi-angularly displaced about the axis of rotation. 

15. A reactor as claimed in any preceding claim, wherein said reactor is 
provided with a continuous feed mechanism for supplying feedstock into 
said reaction vessel. 
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